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one DL scheduling grant. There are also provided a method
for performing data transmission at a user equipment and a
method for transmitting HARQ) feedback at a base station or
a user equipment.
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300'\v

transmitting at least one downlink scheduling grant

corresponding to data transmission to the user equipment 310
in a downlink control region of at least one of a short TTI
on a first carrier and a long TTI on a second carrier
320

performing downlink data transmission towards the user
equipment in a data transmission region of a short TTI on
the first carrier and in the data transmission region of a
long TTI on the second carrier as indicated by the at least
one downlink scheduling grant
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1

METHOD AND APPARATUS FOR
COMMUNICATIONS WITH CARRIER
AGGREGATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/CN2016/073223 filed Feb. 2, 2016.

TECHNICAL FIELD

Embodiments of the present disclosure generally relate to
the wireless communications technology and more particu-

larly to methods and apparatuses for data transmission and
Hybrid Automatic Repeat reQuest (HARQ) feedback 1n a

wireless communications system supporting Carrier Aggre-
gation (CA).

BACKGROUND

This section 1ntroduces aspects that may facilitate better
understanding of the present disclosure. Accordingly, the
statements of this section are to be read 1n this light and are
not to be understood as admissions about what 1s in the prior
art or what 1s not 1n the prior art.

While the standardization of the fourth generation (4G)
radio access technology (RAT), 1.e. Long Term Evolution-
Advanced (LTE-A), 1s still ongoing, the discussion on a
Beyond 4G, which 1s usually referred to as 5G, system has
already started. In the 3G system, requirements on latency
are even tighter, which leads to a short round-trip time (R1TT)
with fast control signaling, and support for a tlexible Uplink
(UL)/Downlink (DL) ratio.

Accordingly, a physical subiframe structure for 5G sys-
tems has been proposed, as illustrated 1n FIG. 1. As illus-
trated, each subframe or Transmission Time Interval (TT1I)
comprises a DL control region, an UL control region and a
DL/UL data transmission region in this order. For example,
the DL control region may be used by a base station to
transmit a DL scheduling grant or an UL scheduling grant to
a user equipment, or to transmit a HARQ feedback for an UL
data transmission ol the user equipment; the UL control
region may be used by a user equipment to transmit a HARQ
feedback for a DL data transmission; and the data transmis-
s10n region may be used to transmit a DL data transmission
from a base station or to transmit an UL data transmission
from a user equipment, according to the respective sched-
uling grant. The control regions are located before the data
transmission region so as to enable fast and cost eflicient
pipeline processing at a receiver.

Another proposal for a physical subframe structure for 5G
systems 1s 1llustrated in FI1G. 2. As illustrated, each subirame
or TTI comprises a DL control region, a DL/UL data
transmission region and an UL control region in this order.
In this structure, the DL control region 1s located before the
data transmission, which 1s located before the UL control
region, so as to minimize HARQ RTT.

In LTE-A, Carnier Aggregation of multiple component
carriers with subframes/T'TIs of the same length being
applied 1s adopted to improve throughput. However, 1n 5G
systems, with carrier frequencies becoming further higher,
subirames/TTIs of different lengths may be adopted on
different carriers in even higher frequency bands.

SUMMARY

Various embodiments of the present disclosure aim at
providing an eflicient solution for performing data commu-
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nications between a base station and a user equipment to
accommodate TTIs of different lengths with carrier aggre-
gation 1 5G systems. Other features and advantages of
embodiments of the present disclosure will also be under-
stood from the following description of specific embodi-
ments when read 1 conjunction with the accompanying
drawings, which illustrate, by way of example, the prin-
ciples of embodiments of the present disclosure.

In a first aspect of the present disclosure, there 1s provided
a method performed at a base station for performing data
transmission to a user equipment 1 a wireless communica-
tions system supporting carrier aggregation of at least one
first carrier on which a short TTT 1s applied and at least one
second carrier on which a long TTI 1s applied. The method
comprises transmitting at least one downlink scheduling
grant corresponding to data transmission to the user equip-
ment 1n a downlink control region of at least one of a short
TTI on a first carrier and a long T'T1 on a second carrier and
performing downlink data transmission towards the user
equipment 1n a data transmission region of a short TTT on the
first carrier and 1n the data transmission region of a long TT1I
on the second carrier as indicated by the at least one
downlink scheduling grant.

In a second aspect of the present disclosure, there 1s
provided a method performed at a user equipment for
transmitting HARQ feedback to a base station 1n a commu-
nications system supporting carrier aggregation of at least
one first carrier on which a short TTT 1s applied and at least
one second carrier on which a long TTI 1s applied. The
method comprises receiving downlink data transmission
from the base station 1n a data transmission region of a long
TTI on a second carrier and 1n the data transmission region
of a short TTI on a first carrier and transmitting HARQ
teedback for the received downlink data transmission
towards the base station 1n an uplink control region of at
least one of a short TTI on the first carrier and a long TT1 on
the second carrier.

In a third aspect of the present disclosure, there 1s pro-
vided a method performed at a user equipment for perform-
ing data transmission to a base station in a communications
system supporting carrier aggregation of at least one first
carrier on which a short TTI 1s applied and at least one
second carrier on which a long TTI 1s applied. The method
comprises receiving at least one uplink scheduling grant for
data transmission to the base station in a downlink control
region of at least one of a short T'T1 on a first carrier and a
long TTI on a second carrier and performing uplink data
transmission towards the base station in a data transmission
region of a short TTI on the first carrier and 1n the data
transmission region of a long TTI on the second carrier as
indicated by the at least one uplink scheduling grant.

In a fourth aspect of the present disclosure, there 1s
provided a method performed at a base station for transmit-
ting HARQ feedback to a user equipment 1n a communica-
tions system supporting carrier aggregation of at least one
first carrier on which a short TTT 1s applied and at least one
second carrier on which a long TTI 1s applied. The method
comprises receiving uplink data transmission from the user
equipment in a data transmission region of a short TTI on a
first carrier and 1n the data transmission region of a long TTI
on a second carrier and transmitting HARQ feedback for the
received uplink data transmission towards the user equip-
ment 1n a downlink control region of at least one of a short
TTI on the first carrier and a long TT1 on the second carrier.

In a fifth aspect of the present disclosure, there 1s provided
an apparatus at a base station for performing data transmis-
sion to a user equipment in a communications system
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supporting carrier aggregation of at least one first carrier on
which a short T'TT 1s applied and at least one second carrier
on which a long T'11 i1s applied. The apparatus comprises a
scheduler configured to transmit at least one downlink
scheduling grant corresponding to data transmission to the
user equipment in a downlink control region of at least one
of a short T'TT on a first carrier and a long TTI on a second
carrier and a transmitter configured to perform downlink
data transmission towards the user equipment 1 a data
transmission region of a short T'T1 on the first carrier and in
the data transmission region of a long TTI on the second
carrier as indicated by the at least one downlink scheduling

grant.

In a sixth aspect of the present disclosure, there 1s
provided an apparatus at a user equipment for transmitting,
HARQ feedback to a base station in a communications
system supporting carrier aggregation ol at least one first
carrier on which a short TTI 1s applied and at least one
second carrier on which a long T'T1 1s applied. The apparatus
comprises a receiver configured to recerve downlink data
transmission from the base station in a data transmission
region ol a long T1I on a second carrier and 1n the data
transmission region of a short TTI on a first carrier and a
transmitter configured to transmit HARQ feedback for the
received downlink data transmission towards the base sta-
tion 1n an uplink control region of at least one of a short TTI
on the first carrier and a long TTI on the second carrier.

In a seventh aspect of the present disclosure, there 1s
provided an apparatus at a user equipment for performing,
data transmission to a base station 1 a communications
system supporting carrier aggregation ol at least one first
carrier on which a short TT1 1s applied and at least one
second carrier on which a long T'T11s applied. The apparatus
comprises a receiver configured to receive at least one
uplink scheduling grant for data transmission to the base
station 1n a downlink control region of at least one of a short
TTI on a first carrier and a long TTI on a second carrier and
a transmitter configured to perform uplink data transmission
towards the base station 1n a data transmission region of a
short TTI on the first carnier and in the data transmission
region of a long T'T1 on the second carrier as indicated by the
at least one uplink scheduling grant.

In an eighth aspect of the present disclosure, there 1s
provided an apparatus at a base station for transmitting,
HARQ feedback to a user equipment 1n a communications
system supporting carrier aggregation ol at least one first
carrier on which a short TT1 1s applied and at least one
second carrier on which a long T'T11s applied. The apparatus
comprises a receirver configured to receive uplink data
transmission from the user equipment in a data transmission
region of a long TTI on a second carrier and 1n the data
transmission region of a short TTI on a first carrier and a
transmitter configured to transmit HARQ feedback to the
received uplink data transmission towards the user equip-
ment 1n a downlink control region of at least one of a short
TTI on the first carrier and a long TTT on the second carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and benefits of
various embodiments of the present disclosure will become
more fully apparent, by way of example, from the following,
detailed description with reference to the accompanying
drawings, in which:

FIG. 1 1llustrates a proposed physical subiframe structure
for 3G systems;
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FIG. 2 1illustrates another proposed physical subirame
structure for 5G systems;

FIG. 3 illustrates a flowchart of a method 300 for data
transmission according to some embodiments of the present
disclosure:

FIGS. 4A and 4B show two examples illustrating a
relationship between scheduling grant transmission and data
transmission with the frame structure as shown in FIG. 1,
according to the first embodiment of the method 300; and

FIG. 5 shows another example 1llustrating a relationship
between scheduling grant transmission and data transmis-
sion with the frame structure as shown 1n FIG. 2, according,
to the first embodiment of the method 300;

FIGS. 6A and 6B show two examples illustrating a
relationship between scheduling grant transmission and data
transmission with the frame structure as shown in FIG. 1,
according to the second embodiment of the method 300;

FIG. 7 shows another example 1llustrating a relationship
between scheduling grant transmission and data transmis-
sion with the frame structure as shown 1n FIG. 2, according
to the second embodiment of the method 300;

FIGS. 8A and 8B show two examples illustrating a
relationship between scheduling grant transmission and data
transmission with the frame structure as shown in FIG. 1,
according to the third embodiment of the method 300;

FIG. 9 shows another example 1illustrating a relationship
between scheduling grant transmission and data transmis-
sion with the frame structure as shown 1n FIG. 2, according
to the third embodiment of the method 300;

FIG. 10 1illustrates a flowchart of a method 1000 for
transmitting HARQ feedback according to some embodi-
ments of the present disclosure;

FIGS. 11A and 11B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown 1n FIG.
1, according to the first embodiment of the method 1000;

FIGS. 12A and 12B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown in FIG.
1, according to the second embodiment of the method 1000;

FIG. 13 shows an example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the third embodiment of the method 1000;

FIG. 14 shows another example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the third embodiment of the method 1000;

FIGS. 15A and 15B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown 1n FIG.
1, according to the fourth embodiment of the method 1000;

FIG. 16 shows an example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the fifth embodiment of the method 1000;

FIG. 17 illustrates a flowchart of a method 1700 for data
transmission according to some embodiments of the present
disclosure:

FIG. 18 shows an example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown 1 FIG. 1, according to the first
embodiment of the method 1700

FIG. 19 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown 1n FIG. 2, according to the first
embodiment of the method 1700:
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FIGS. 20A and 20B show two examples illustrating a
relationship between UL scheduling and UL data transmis-
sion with the frame structure as shown 1n FIG. 1, according
to the second embodiment of the method 1700;

FI1G. 21 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown 1n FIG. 2, according to the second
embodiment of the method 1700;

FIG. 22 shows an example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown in FIG. 1, according to the third
embodiment of the method 1700;

FIG. 23 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the

frame structure as shown in FIG. 2, according to the third
embodiment of the method 1700;

FI1G. 24 illustrates a tlowchart of a method 2400 for
transmitting HARQ feedback according to some embodi-
ments ol the present disclosure;

FIG. 25 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the first embodiment of the method 2400;

FIGS. 26 A and 26B show two other examples 1llustrating
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the first embodiment of the method
2400;

FIG. 27 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the second embodiment of the method 2400;

FIGS. 28 A and 28B show two other examples 1llustrating
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the first embodiment of the method
2400;

FIG. 29 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the third embodiment of the method 2400;

FIGS. 30A and 30B show two other examples 1llustrating,
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the first embodiment of the method
2400;

FIG. 31 illustrates a schematic block diagram of an
apparatus 3100 for performing data transmission to a user
equipment according to some embodiments of the present
disclosure:

FIG. 32 illustrates a schematic block diagram of an
apparatus 3200 for transmitting HARQ feedback to a base
station according to some embodiments of the present
disclosure:

FIG. 33 illustrates a schematic block diagram of an
apparatus 3300 for performing data transmission to a base
station according to some embodiments of the present
disclosure:

FIG. 34 illustrates a schematic block diagram of an
apparatus 3400 for transmitting HARQ feedback to a user
equipment according to some embodiments of the present
disclosure; and

FIG. 335 illustrates a schematic block diagram of an
apparatus 3500 for performing data transmission according
to some embodiments of the present disclosure or for
transmitting HARQ {feedback according to some other
embodiments of the present disclosure.
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Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

Heremnaftter, the principle and spirit of the present disclo-
sure will be described with reference to illustrative embodi-
ments. It should be understood, all these embodiments are
given merely for one skilled 1n the art to better understand
and further practice the present disclosure, but not for
limiting the scope of the present disclosure. For example,
teatures 1llustrated or described as part of one embodiment
may be used with another embodiment to yield still a further
embodiment. In the interest of clarity, not all features of an
actual implementation are described 1n this specification.

References in the specification to “an embodiment,”
“another embodiment,” “a further embodiment,” and the
similar expressions indicate that the embodiment described
may include a particular feature, structure, or characteristic,
but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or
characteristic 1s described 1n connection with an embodi-
ment, 1t 1s submitted that it 1s within the knowledge of one
skilled 1n the art to aflect such feature, structure, or charac-
teristic 1n connection with other embodiments whether or
not explicitly described.

It shall be understood that, although the terms “first” and
“second” etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first element could be termed a
second element, and similarly, a second element could be
termed a {irst element, without departing from the scope of
example embodiments. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed terms.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to limat
the embodiments. As used herein, the singular forms “a”,
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises”, “compris-
ing”’, “has”, “having”, “includes” and/or “including”, when
used herein, specily the presence of stated features, ele-
ments, and/or components etc., but do not preclude the
presence or addition of one or more other features, elements,
components and/or combinations thereof.

In the following description and claims, unless defined
otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of
ordinary skills i the art to which this disclosure belongs.
For example, the term “base station” (BS), used herein may
also be referred to as e.g. eNB, eNodeB, NodeB or base
transceiver station (BTS), Access Node (AN) or Access
Point (AP) etc. depending on the technology and terminol-
ogy used. Likewise, the term “user equipment” (UE) used
herein may refer to any terminal device having wireless
communications capabilities, including but not limited to,
mobile phones, cellular phones, smart phones, or personal
digital assistants (PDAs), portable computers, image capture
devices such as digital cameras, gaming devices, music
storage and playback appliances and any portable units or
terminals that have wireless communications capabilities, or
Internet appliances permitting wireless Internet access and

browsing and the like.
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Hereatter, embodiments of the present disclosure propose
a novel solution for data transmission and HARQ feedback
applicable to a wireless communications system supporting
carrier aggregation of frequency carriers on which various
TTIs of different lengths are applied.

FIG. 3 1llustrates a tlowchart of a method 300 for data
transmission according to some embodiments of the present
disclosure. The method 300 1s performed at a base station for
performing data transmission to a user equipment 1 a
wireless communications system supporting carrier aggre-
gation of at least one component carrier (which will be
referred to as “first carrier” hereafter) on which a short TTI
1s applied and at least one component carrier (which will be
referred to as “second carrier” hereaiter) on which a long
TTI 1s applied. Each of the long TTI and the short TTI may
comprise a DL control region, an UL control region and a
data transmission region, but not necessarily in this order. As
an example, the DL control region may be used by the base
station to transmit a DL scheduling grant or an UL sched-
uling grant to the user equipment. The data transmission
region may be used to transmit a DL data transmission from
the base station to the user equipment, corresponding to the
respective scheduling grant.

Please note that the terms “short” and “long” used herein
merely refers to a relative length relationship, wherein a long,
TTI has a relative longer length than a short TTI. The
expression like “a carrier on which a long/short TTI 1s
applied” used herein means the timing for any transmission

on that carrier complies with the structure of the correspond-
ing TTI.

As 1illustrated in FIG. 3, the method 300 starts at block
310, in which the base station transmits at least one DL
scheduling grant corresponding to data transmission to the
user equipment in the DL control region of a long TTI on a
second carrier, or 1n the DL control region of a short TTI on
a first carrier, or 1n the DL control regions of both the long
TTI on the second carrier and the short TTI on the first
carrietr.

Then at block 320, the base station performs DL data
transmission towards the user equipment in the data trans-
mission region of a long TTI on the second carrier and in the
data transmission region of a short T'T1 on the first carrier as

indicated by the at least one DL scheduls

1ng grant.
In a FIRST embodiment of the method 300, the base

station may transmit, in the DL control region of a long T'T1
on the second carrier, a DL scheduling grant corresponding
to DL data transmission on the second carrier and transmit,
in the DL control region of a short TTI on the first carrier,
a DL scheduling grant corresponding to DL data transmis-
sion on the first carrier. In this embodiment, the base station
may perform the DL data transmission on the first carrier in
the short TTI where the corresponding DL scheduling grant
1s transmitted or 1n a short TTI immediately following the
short T'TI where the corresponding DL scheduling grant 1s
transmitted. Likewise, the base station may perform the DL
data transmission on the second carrier in the long TTI
where the corresponding DL scheduling grant 1s transmitted
or in a long TTI immediately following the long TTI where
the corresponding DL scheduling grant 1s transmitted.

FIGS. 4A and 4B 1illustrate two examples illustrating a
relationship between DL scheduling and data transmission
with the frame structure as shown 1n FIG. 1, according to the
first embodiment of the method 300. Please note that this
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example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure.

]

In this figure and following FIGS. 5-9, the icon B rep-

resents a guard period (GP); the 1con | represents a DL

control region; the 1con — represents an UL control region;

AR,
i

and the 1con represents a data transmission region for
DL or UL data transmission. A sequence of TTIs indicates
the timing for transmission between the base station and the
user equipment. Also, the curved arrows shown 1n the figure
indicate a relationship between DL scheduling and data
transmission.

As 1llustrated 1in FIGS. 4A and 4B, the base station
transmits a DL scheduling grant corresponding to DL trans-
mission on the first carrier 1n the DL control region of each
short TTI and also transmuits the DL scheduling grant for DL
transmission on the second carrier 1n the DL control region
of each long TTI.

Corresponding to the scheduling, the DL data transmis-
s10n on a carrier may be performed 1n a TT1 (including long
and short TTIs) immediately following the TTI where the
corresponding DL scheduling grant i1s transmitted on the
same carrier. In the example as shown in FIG. 4A, the base
station may transmit a DL scheduling grant on the first
carrier 1n the DL control region of short TTI O and then
perform DL data transmission on the first carrier in the DL
data transmission region of short TTI 1. Likewise, the base
station may transmit a DL scheduling grant on the second
carrier in the DL control region of long TTI 0 and then
perform DL data transmission on the second carrier in the
DL data transmaission region of long TTT 1.

As an alternative, corresponding to the scheduling, the DL
data transmission on a carrier may be performed in the TTI
(including long and short TTIs) where the corresponding DL
scheduling grant 1s transmitted on the same carrier. In the
example as shown 1n FIG. 4B, the base station may transmit
a DL scheduling grant on the first carrier in the DL control
region of short TT1 0 and then perform DL data transmission
on the first carrier in the DL data transmission region of the
same short TTI 0. Likewise, the base station may transmit a
DL scheduling grant on the second carrier 1n the DL control
region of long TT1 0 and then perform DL data transmission
on the second carrier 1n the DL data transmission region of
the same long T'T1 O.

As another alternative, corresponding to the scheduling,
the DL data transmission on the {irst carrier may be per-
formed 1n a short TTI immediately following the short TTI
where the corresponding DL scheduling grant 1s transmuitted,
while the DL data transmission on the second carrier may be
performed i the long TTI where the corresponding DL
scheduling grant 1s transmitted; or the DL data transmission
on the first carrier may be performed in the short TTI where
the corresponding DL scheduling grant 1s transmitted, while
the DL data transmission on the second carrier may be
performed 1n a long TTI immediately followmg the long TTI
where the corresponding DL scheduling grant 1s transmitted.
This alternative case 1s not shown in the figure.

FIG. § 1llustrates another example 1llustrating a relation-
ship between DL scheduling and data transmission with the
frame structure as shown 1 FIG. 2, according to the first
embodiment of the method 300. Please note that this
example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure. The only difler-
ence between FIG. 5 and FIGS. 4A and 4B lies 1n the usage
of different frame structures. In FIG. 5, the DL scheduling
and the data transmission present the same relationship as
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described above with reference to FIGS. 4A and 4B, which
thus will not be detailed herein.
In a SECOND embodiment of the method 300, the base

station may transmit, in the DL control region of a short T'T1
on the first carrier, a DL scheduling grant corresponding to
data transmission on the first carrier and also transmit, in the
DL control region of a short T'T1 on the first carrier, a DL
scheduling grant corresponding to data transmission on the
second carrier.

In this embodiment, the DL data transmission on the first
carriecr may be performed in the short TTI where the
corresponding DL scheduling grant 1s transmitted or in a
short TTI immediately following the short TTI where the
corresponding DL scheduling grant 1s transmitted. Corre-
spondingly, the DL data transmission on the second carrier
may be performed in a long TTI whose index n,,,,, and the
index n_, . of the short TTI where the corresponding DL
scheduling grant 1s transmitted have a relationship of
Ny, N0 2, Wherein n, . 1s an even integer.

FIGS. 6 A and 6B illustrate two examples illustrating a
relationship between DL scheduling and data transmission
with the frame structure as shown 1n FIG. 1, according to the
second embodiment of the method 300. Please note that this
example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure.

As 1llustrated 1in FIGS. 4A and 4B, the base station may
transmit the DL scheduling grant corresponding to DL
transmission on the first carrier in the DL control region of
a short TTI and transmit the DL scheduling grant corre-
sponding to DL transmission on the second carrier also 1n
the DL control region of a short TTI on the first carrier.
Generally, the base station may transmit the DL scheduling
grant corresponding to the DL transmission on the first
carrier 1n each short TTI, and transmit the DL scheduling
grant corresponding to the DL transmission on the second
carrier in every two or more short TTIs, depending on a ratio
of the length of the short T'T1 to the length of the long TTI.

Corresponding to the scheduling, the DL data transmis-
sion on the first carrier may be performed in a short TTI
immediately following the short TTI where the DL sched-
uling grant corresponding to the DL data transmission on the
first carrier 1s transmitted, while the DL data transmission on
the second carrier may be performed 1n a long TTI having
an index n,,,.. The index n, . and the index n of the

short
short TTI where the DL scheduling grant corresponding to
the DL data transmission on the second carrier 1s transmitted
have a relationship of n,,, =n, /2, wherem ng . 1s an
even integer. In the example as shown 1n FIG. 6A, the base
station transmits a DL scheduling grant for DL data trans-
mission on the first carrier 1n the DL control region of short
TTI O and then performs the DL data transmission on the
first carrier 1n the DL data transmission region of short TTI
1. Subsequently, the base station transmits another DL
scheduling grant on the first carnier 1n the DL control region
of short TTI 1 and then performs the DL data transmission
on the first carrier in the DL data transmission region of short
TTI 2. For DL data transmission on the second carrier, the
base station may transmit a DL scheduling grant 1n the DL
control region of short TTI O and perform the DL data
transmission 1n the DL data transmission region of long TT1
0. Subsequently, the base station may transmit another DL
scheduling grant on the second carrier 1n the DL control
region ol short TTI 2 and then perform the DL data trans-
mission on the second carrier 1n the DL data transmission

region of long TTT 1.
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Those skilled 1n the art will appreciate that the number
following each “T'1T” as shown 1n the figure indicates the
index of that TTI, which 1s usually an integer.

As an alternative, corresponding to the scheduling, the DL
data transmission on the first carrier may be performed in the
short TTI where the DL scheduling grant corresponding to
the DL data transmission on the first carrier 1s transmitted,
while the DL data transmission on the second carrier may be
pertormed n a long TTT having an index n,,, .. The index
n,,,. and the index ng,,, ot the short TTI where the DL
scheduling grant corresponding to the DL data transmission
on the second carrier 1s transmitted have a relationship of
N, 02, Wherein ng,, . 18 an even integer. In the
example as shown 1n FIG. 6B, the base station transmits a
DL scheduling grant corresponding to DL data transmission
on the first carrier in the DL control region of short TT1 0 and
then transmits the DL data transmission on the first carrier
in the DL data transmission region of the same short TTI.
Subsequently, the base station transmits another DL sched-
uling grant on the first carrier 1n the DL control region of
short TTI 1 and then transmits the DL data transmission on
the first carrier 1n the DL data transmaission region of the
same short TTI 1. For the DL data transmission on the
second carrier, the base station may transmit a DL sched-
uling grant on the first carrier 1n the DL control region of
short TTI O and then transmit the DL data transmission 1in the
DL data transmission region of long TTI 0. Subsequently,
the base station may transmit another DL scheduling grant
on the first carrier in the DL control region of short TTI 2 and
then transmit the DL data transmission on the second carrier
in the DL data transmission region of long TTT 1.

FIG. 7 1llustrates another example 1llustrating a relation-
ship between DL scheduling and data transmission with the
frame structure as shown 1n FIG. 2, according to the second
embodiment of the method 300. Please note that this
example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure. The only difler-
ence between FIGS. 6 A and 6B and FIG. 7 lies 1n the usage
of different frame structures. In FIG. 7, the DL scheduling
and the data transmission present the same relationship as
described above with reference to FIGS. 6 A and 6B, which
thus will not be detailed herein.

In a THIRD embodiment of the method 300, the base

station may transmit, 1n the DL control region of a long T'T1
on the second carrier, a DL scheduling grant corresponding
to data transmission on the first carrier and a DL scheduling
grant corresponding to data transmission on the second
carrier. In this embodiment, the DL data transmission on the
second carrier 1s performed 1n the long TTI where the
corresponding DL scheduling grant 1s transmitted or in a
long TTI immediately following the long TTI where the
corresponding DL scheduling grant 1s transmitted. Corre-
spondingly, the DL data transmission on the first carrier 1s
performed 1n a short T'TT having an index n_, .. The index
N, and the index n,,, . of the long TTI where the corre-
sponding DL scheduling grant 1s transmitted have a rela-
tionship ot n,,,,=floor(n,,, /2), wherein n, . 1s an integer.
Alternatively, the DL data transmission on the first carrier 1s
performed in a short T'T1T having an mndex n_, ... The index
N, and the index n,,,, ot the long TTT where the corre-
sponding DL scheduling grant is transmitted have a rela-
tionship of n,,, . ~tloor((n,,,,,~1)2, wherein n,,,, 1s an inte-
ger.

FIGS. 8A and 8B illustrate two examples illustrating a
relationship between DL scheduling and data transmission
with the frame structure as shown 1n FIG. 1, according to the

third embodiment of the method 300. Please note that this
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example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure.

As 1llustrated 1n FIGS. 8A and 8B show, the base station

may transmit the DL scheduling grant corresponding to DL
transmission on the second carrier in the DL control region
of a long TTI on the first carrter and transmits the DL
scheduling grant corresponding to DL transmaission on the
first carrier also 1n the DL control region of the long TTI on
the first carrier.

Corresponding to the scheduling, as illustrated in FIG.
8A, the DL data transmission on the second carrier 1s
performed 1n a long T'TT immediately following the long TT1
where the DL scheduling grant corresponding to that DL
data transmission on the second carrier 1s performed. The
DL data transmission on the first carrier 1s performed 1n a
short TTI having an index n The index n and the

short: short

index n,,, . of the long T'TT where the DL scheduling grant
corresponding to that DL data transmission on the {first
carrier 1s transmitted have a relationship of n,,, =tloor
(n., ./2), wherein n 1s an integer.

short

In the example as shown 1n FIG. 8A, the base station
transmits a DL scheduling grant corresponding to a DL data
transmission on the second carrier 1n the DL control region
of long T'T1 0 and then performs the DL data transmaission on
the second carrier 1n the DL data transmission region of long,
TTI 1. Subsequently, the base station transmits another DL
scheduling grant 1n the DL control region of long TTI 1 and
then performs the DL data transmission on the second carrier
in the DL data transmission region of long T'T1 2, and so on.
For the DL data transmission on the first carrier, the base
station may transmit a DL scheduling grant in the DL control
region of long TTI O and corresponding to this scheduling,
perform the DL data transmission 1n the DL data transmis-
sion region of short TTT O and/or short T'T1 1. Subsequently,
the base station may transmit another DL scheduling grant
in the DL control region of long TTI 1 and corresponding to
this scheduling, perform the DL data transmission on the
first carrier 1n the DL data transmission region of short TTI
2 and/or short TTI 3, and so on.

As an alternative, as illustrated 1n FIG. 8B, corresponding
to the scheduling, the DL data transmission on the second
carrier may be performed in the long TTI where the DL
scheduling grant corresponding to that DL data transmission
on the second carrier 1s transmitted. The DL data transmis-
sion on the first carrier 1s performed 1n a short T'T1 having
an index n The index n and the ndex n,,, . of the

short short

long T'T1 where the corresponding DL scheduling grant is

transmitted have a relationship ot n,, =tloor(ng,,, /2).
wherein n_, . 1s an integer.

In the example as shown in FIG. 8B, the base station
transmits a DL scheduling grant corresponding to DL data
transmission on the second carrier 1n the DL control region
of long TTI O and then performs the DL data transmission 1n
the DL data transmission region of the long TTI 0. Subse-
quently, the base station transmits another DL scheduling
grant in the DL control region of long TTI 1 and then
performs the DL data transmission on the second carrier in
the DL data transmission region of the same long TTI 1, and
so on. For the DL data transmission on the first carrier, the
base station may transmit a DL scheduling grant 1n the DL
control region of long TTI 0 and corresponding to this
scheduling, perform the DL data transmission on the first
carrier 1n the DL data transmission region of short TTI O
and/or short TTI 1. Subsequently, the base station may
transmit another DL scheduling grant in the DL control

region of long TTI 1 and corresponding to this scheduling,
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perform the DL data transmission on the first carrier in the
DL data transmission region of short T'T1 2 and/or short TTI
3, and so on.

FIG. 9 1llustrates another example 1llustrating a relation-
ship between DL scheduling and data transmission with the
frame structure as shown in FIG. 2, according to the third
embodiment of the method 300. Please note that this
example 1s provided for the illustrative purpose only, but not
for any limitation to the present disclosure. The differences
between FIG. 9 and FIGS. 8A and 8B lie 1n the usage of
different frame structures and the DL data transmission on
the first carrier.

The DL scheduling and the data transmission on the
second carrier present the same relationship as described
above with reference to FIGS. 8A and 8B, which thus will
not be detailed herein. The following description will focus
on the relationship between the DL scheduling and the data
transmission on the first carrier only.

As 1llustrated 1n FI1G. 9, the base station may transmit the
DL scheduling grant corresponding to DL transmission on
the first carrier 1n the DL control region of a long T'TT having
an index ny,,,..

Corresponding to the scheduling, the DL data transmis-
sion on the first carrier may be performed in a short TTI
having an index ng,,,,. The index ng,,, and the index n,,,,,
of the long TTI where the corresponding DL scheduling
grant 1s transmitted have a relationship of n,,, =toor
(n _,~1)/2), wherein n_, . 1s an integer.

For example, as shown 1n FIG. 9, the base station may
transmit a DL scheduling grant corresponding to the DL data
transmission on the first carrier in the DL control region of
long TTI O on the second carrier and corresponding to this
scheduling, perform the DL data transmission on the first
carrier 1n the DL data transmission region of short TTIT 1
and/or short TTI 2. Subsequently, the base station may
transmit another DL scheduling grant in the DL control
region of long TTI 1 on the second carrier and corresponding
to this scheduling, perform the DL data transmission on the

first carrier in the DL data transmission region of short TTI
3 and/or short TTI 4, and so on.

FIG. 10 1llustrates a flowchart of a method 1000 for
transmitting HARQ feedback according to some embodi-
ments of the present disclosure. The method 1000 1s per-
formed at a user equipment for transmitting HARQ) feedback
to a base station 1n a communications system supporting
carrier aggregation of at least one component carrier (which
will be referred to as “first carrier”) on which a short T'TT 1s
applied and at least one component carrier (which will be
referred to as “‘second carrier”) on which a long TTI 1s
applied. Each of the long TTI and the short T'TI may
comprise a DL control region, an UL control region and a
data transmission region, but not necessarily in this order. As
an example, the DL control region may be used by the user
equipment to recerve a DL scheduling grant or an UL
scheduling grant from the base station. The UL control
region may be used by the user equipment to transmit
HARQ feedback for a DL data transmission. The data
transmission region may be used by the user equipment to
receive a DL data transmission from the base station.

As 1illustrated, the method 1000 starts at block 1010, 1n
which the user equipment receives DL data transmission
from the base station 1n a data transmission region of a short
TTI on a first carrier and 1n the data transmission region of
a long T'T1 on a second carrier.

At block 1020, the user equipment transmits HARQ
teedback for the received DL data transmission towards the
base station 1n the UL control region of a short T'T1 on the
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first carrier, or 1n the UL control region of a long T'TT on the
second carrier, or 1n the UL control regions of both the short
TTI on the first carrier and the long TTI on the second
carriet.

In a FIRST embodiment of the method 1000, the user

equipment may transmit, on the first carrier, the HARQ
feedback for the DL data transmission received on the first

carrier 1n a short TTI immediately following or two short
TTIs later than the short TTI where the DL data transmission
1s received.

Likewise, the user equipment may transmit, on the second
carrier, the HARQ feedback for the DL data transmission
received on the second carrier 1n a long TTI immediately
tollowing or two long TTIs later than the long T'T1 where the
DL data transmission 1s received.

FIGS. 11 A and 11B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown i FIG.
1, according to the first embodiment of the method 1000.

In the example as illustrated in FIG. 11A, the user
equipment transmits HARQ feedback for a DL data trans-
mission received on the first carrier 1n a short TTI immedi-
ately following the short T'T1 where the DL data transmis-
sion 1s recerved, and transmits HARQ feedback for a DL
data transmission received on the second carrier in a long
TTI immediately following the long TTI where the DL data
transmission 1s received.

In particular, as shown, if the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTT O, then 1t may transmit HARQ feedback
for the received DL data transmission in short TTI 1.
Subsequently, 1f the user equipment recerves a next DL data
transmission on the first carrier from the base station 1n short
TTI 1, then 1t may transmit HARQ feedback for the received
DL data transmission 1n short TTT 2, and so on.

Likewise, if the user equipment receives a DL data
transmission on the second carrier from the base station in
long TTI 0, then 1t may transmit HARQ feedback for the
received DL data transmission i long T'T1 1. Subsequently,
if the user equipment receives a next DL data transmission
on the second carrier from the base station in long TTI 1,
then 1t may transmit HARQ feedback for the received DL
data transmission 1n long TTI 2, and so on.

In the example as illustrated i FIG. 11B, the user
equipment transmits HARQ feedback for a DL data trans-
mission received on the first carrier 1n a short TTI two that
1s short TTIs later than the TTI where the DL data trans-
mission 1s received, and transmits HARQ feedback for a DL
data transmission received on the second carrier in a long
TTI that 1s two long T'T1s later than the long TTI where the
DL data transmission 1s received.

In particular, as shown, 1 the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short T'T1 O, then 1t may transmit HARQ feedback
for the received DL data transmission in short TTI 2.
Subsequently, 11 the user equipment receives a next DL data
transmission on the first carrier from the base station 1n short
TTI 1, then 1t may transmit HARQ feedback for the received
DL data transmission 1n short TTI 3, and so on.

Likewise, if the user equipment receives a DL data
transmission on the second carrier from the base station in
long TTI 0, then 1t may transmit HARQ feedback for the
received DL data transmission i long T'T1 2. Subsequently,
if the user equipment receives a next DL data transmission
on the first carrier from the base station 1n long TTI 1, then
it may transmit HARQ feedback for the received DL data
transmission 1n long TTI1 3, and so on.
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In a SECOND embodiment of the method 1000, the user
equipment may transmit the HARQ feedback on the first
carrier for the DL data transmission received on the first
carrier 1n a short TTI immediately following or two short
TTIs later than the short TTI where the DL data transmission
1s received.

There are two alternative options as follows for transmit-
ting HARQ feedback by the user equipment for the DL data
transmission recerved on the second carrier:

The user equipment may transmit, on the first carrier, the

HARQ feedback for the DL data transmission received

on the second carrier 1n a short TTI whose index n_, .
and the index n,,,, ., of the long T'1T where the DL data
transmission 1s received have a relationship of
Ny,0,72 7 (0y,,.+1)+1, wherein n,, . 1s an integer; or

short

The user equipment may transmit, on the first carrier, the
HARQ feedback for the DL data transmission received
on the second carrier 1n a short TTI whose index n_, .
and the index n,,, . of the long TTI where the DL data
transmission 1s recerved have a relationship of
N, ~27(1,,,.+1), wherein n,_, . 1s an nteger.

FIGS. 12A and 12B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown in FIG.
1, according to the second embodiment of the method 1000.

In the example as illustrated in FIG. 12A, the user
equipment transmits HARQ feedback for a DL data trans-
mission recerved on the first carrier 1n a short TTT that 1s two
short TTIs later than the short TTI where the DL data
transmission 1s recerved, and transmits HARQ feedback for
a DL data transmission received on the second carrier i a
short TTI having an index n_, .. The index n_, .. and the
index n,,,, . of the long TTI where the DL data transmission
1s received have a relationship of ng,,,~2%(n,,,+1)+1,
wherein n,,, . 1s an integer.

In particular, as shown, 1f the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTT O, then 1t may transmit HARQ feedback
for the received DL data transmission i short TTI 2.
Subsequently, 11 the user equipment receives a next DL data
transmission on the first carrier from the base station in short
TTI 1, then 1t may transmit HARQ feedback for the received
DL data transmission 1n short TTI 3, and so on.

For a DL data transmission on the second carrier, 11 the
user equipment receives the DL data transmission on the
second carrier from the base station in long TTI1 O, then it
may transmit HARQ feedback for the received DL data
transmission 1n short TTI 3. Subsequently, 1f the user equip-
ment recerves a next DL data transmission on the second
carrier from the base station in long TTI 1, then 1t may
transmit HARQ feedback for the received DL data trans-
mission in short TTI 5, and so on.

In the example as illustrated in FIG. 12B, the user
equipment transmits HARQ feedback for a DL data trans-
mission received on the first carrier 1n a short TTI immedi-
ately following the TTI where the DL data transmission 1s
received, and transmits HARQ feedback for a DL data
transmission received on the second carrier in a short TTI

having an index n The n and the index n,,,, . of the

short short

long TTI where the DL data transmission 1s recerved have a
relationship of n,, ~2%(n,,,+1), wherein n,,, . 1s an inte-
ger.

In particular, as shown, 1f the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTT O, then 1t may transmit HARQ feedback
for the received DL data transmission in short TTI 1.
Subsequently, 1f the user equipment recerves a next DL data
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transmission on the first carrier from the base station 1n short
TTI 1, then 1t may transmit HARQ feedback for the received
DL data transmission 1n short TTI 2, and so on.

For a DL data transmission on the second carrier, 1f the
user equipment receives a DL data transmission on the
second carrier from the base station in long TTI 0, then 1t
may transmit HARQ feedback for the received DL data
transmission 1n short TTI 2. Subsequently, if the user equip-
ment receives a next DL data transmission on the second
carrier from the base station 1n long TTI 1, then 1t may
transmit, on the first carrier, HARQ feedback for the
recetved DL data transmission 1n short TT1 2, and so on.

In a THIRD embodiment of the method 1000, the user
equipment may transmit, on the first carrier, the HARQ
teedback for the DL data transmission received on the first
carrier 1n the same short TTI as the one where the DL data
transmission 1s received.

There are two alternative options as follows for transmit-
ting HARQ feedback by the user equipment for the DL data
transmission received on the second carrier:

The user equipment may transmit, on the second carrier,
the HARQ {feedback for the DL data transmission
received on the second carrier in the long T'T1 where the
DL data transmission 1s received:; or

The user equipment may transmit, on the first carrier, the
HARQ feedback for the DL data transmission received
on the second carrier 1n a short TTI having an index

N, 1he index ng . and the index n,,, . ot the long
TTI where the DL data transmission 1s recerved have a
Felationship of n,,,~2%n,,, +1, wherein n,,, . 1s an
mnteger.

FIG. 13 shows an example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the third embodiment of the method 1000.

As 1illustrated 1 FIG. 13, the user equipment transmits
HARQ feedback for a DL data transmission received on the
first carrier 1n the same short T'T1 as the one where the DL
data transmission 1s recerved, and transmits HARQ feedback
for a DL data transmission received on the second carrier 1in
the same long TTI as the one where the DL data transmission
1s received. In this way, a delay between the data transmis-
sion and the HARQ feedback can be minimized.

In particular, as shown, if the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTT O, then 1t may transmit HARQ feedback
tor the recerved DL data transmission in the same short TTI
0. Subsequently, 1f the user equipment receives a next DL
data transmission on the first carrier from the base station 1n
short TTI 1, then 1t may transmit HARQ feedback for the
recetved DL data transmission 1n the same short TTI 1, and
SO On.

Likewise, if the user equipment receives a DL data
transmission on the second carrier from the base station in
long TTI O, then it may transmit HARQ feedback for the
received DL data transmission in the same long TTI O.
Subsequently, 11 the user equipment receives a next DL data
transmission on the second carrier from the base station in
long TTI 1, then 1t may transmit HARQ feedback for the
received DL data transmission 1n the same long TTI 1, and
SO OI.

FIG. 14 shows another example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the third embodiment of the method 1000.

As 1llustrated, the user equipment transmits HARQ feed-
back for a DL data transmission received on the first carrier
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in the same short TTI as the one where the DL data
transmission 1s received, and transmits, on the first carrier,
HARQ feedback for a DL data transmission received on the
second carrier 1n a short TTI having an index n_,_.. The
index ng, ., and the index n, . ot the long TTI where the DL

short

data transmission 1s received have a relationship of
o . . .
Ny,0 2 1y, +1, Wherein n,,, . 1s an integer.

short

In particular, as shown, 1f the user equipment receives a
DL data transmission on the first carrier from the base

station 1n short TTT O, then 1t may transmit HARQ feedback
for the received DL data transmission in the same short TTI
0. Subsequently, 1f the user equipment receives a next DL

data transmission on the first carrier from the base station in
short TTI 1, then 1t may transmit HARQ feedback for the

recetved DL data transmission 1n the same short TTI 1, and
SO On.

For a DL data transmission on the second carrier, 11 the
user equipment receives the DL data transmission on the
second carrier from the base station 1n long TTI 0, then it
may transmit, on the first carrier, HARQ feedback for the
received DL data transmission 1n short TTI 1. Subsequently,
if the user equipment receives a next DL data transmission
on the second carrier from the base station in long TTI 1,
then 1t may transmit, on the first carrier, HARQ feedback for
the recerved DL data transmission in short TTT 3, and so on.

In a FOURTH embodiment of the method 1000, the user

equipment may transmit, on the second carrier, the HARQ
feedback for the DL data transmission received on the

second carrier 1 a long TT1 immediately following or two
long TTIs later than the long TTI where the DL data
transmission 1s received, and transmits, on the second car-
rier, the HARQ feedback for the DL data transmission

received on the first carrier in a long TTI whose index n,,,, .
and the index n of the short TTI where the DL data

short

transmission 1s received have a relationship of n,,,, =4,
(n..,/2)+1, wherein n_, . 1s an integer.

FIGS. 15A and 15B show two examples illustrating a
relationship between DL data transmission and HARQ feed-
back transmission with the frame structure as shown 1n FIG.
1, according to the fourth embodiment of the method 1000.

In the example as illustrated in FIG. 15A, the user
equipment transmits HARQ feedback for a DL data trans-
mission received on the second carrier in a long TTI
immediately following the long TTI where the DL data
transmission 1s recerved, and transmits HARQ feedback for
a DL data transmission received on the first carrier 1n a long
I'I'l having an index n,,, .. The index n,,, . and the index
n_, . ol the short TTI where the DL data transmission 1s
received have a relationship ot n,,, =tloor(ng,,,/2)+1,
wherein n,,,,. 1s an integer.

In particular, as shown, 1f the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTI O or TTI 1, then 1t may transmit HARQ)
teedback for the received DL data transmission in long TTI
1. Subsequently, 1f the user equipment receives a next DL
data transmission on the first carrier from the base station 1n
short TTI 2 or TTI 3, then 1t may transmit HARQ feedback
for the received DL data transmission 1n long TTI 2, and so
on.

As for a DL transmission on the second carrier, i the user
equipment receives the DL data transmission on the second
carrier from the base station in long TTI O, then 1t may
transmit HARQ feedback for the received DL data trans-
mission 1n long TTI 1. Subsequently, if the user equipment

receives a next DL data transmission on the second carrier
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from the base station m long TTI 1, then 1t may transmuit
HARQ feedback for the received DL data transmission 1n
long TTIT 2, and so on.

In the example as illustrated in FIG. 15B, the user
equipment transmits, on the second carrier, HARQ feedback
for a DL data transmission received on the second carrier 1in
a long TTI that 1s two long TTTs later than the one where the
DL data transmission 1s receirved, and transmits, on the
second carrier, HARQ feedback for a DL data transmission
received on the first carrier in a long TTI having an index
n,,,.- 1he index n,,, . and the index ng,,,, of the short TTI
where the DL data transmission 1s recerved have a relation-
ship ot n,, =tloor(n,,,,/2)+1, wherein n,,,, 1s an integer.

In particular, as shown, if the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TTT O or short TTI 1, then i1t may transmit

HARQ feedback for the received DL data transmission 1n

long TTI 1. Subsequently, 1f the user equipment receives a
next DL data transmission on the first carrier from the base
station 1n short T'T1 2 or T'T1 3, then 1t may transmit HARQ
teedback for the received DL data transmission 1in long TTI
2, and so on.

As for a DL data transmission on the second carrier, if the
user equipment receives the DL data transmission on the
second carrier from the base station in long TT1 0, then 1t
may transmit, on the second carrier, HARQ feedback for the
received DL data transmission in long TTI 2. Subsequently,
if the user equipment receives a next DL data transmission
on the second carrier from the base station in long TTI 1,
then 1t may transmit, on the second carrier, HARQ feedback
for the received DL data transmission 1n long TTI 3, and so
on.

In a FIFTH embodiment of the method 1000, the user
equipment may transmit, on the second carrier, the HARQ
teedback for the DL data transmission received on the
second carrier in the long TTI where the DL data transmis-
sion 1S5 received, and transmit, on the second carrier, the
HARQ feedback for the DL data transmission received on
the first carrier in a long T'TT whose index n,,,,, and the index
n, .. of the short TTI where the DL data transmission 1s
received have a relationship of n,,, =tloor((n,,,~1)/2)+1,
wherein n_, . 1s an integer.

FIG. 16 shows an example illustrating a relationship
between DL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 2,
according to the fifth embodiment of the method 1000.

As 1llustrated, the user equipment transmits HARQ feed-
back for a DL data transmission received on the second
carrier 1n the same long TTI as the one where the DL data
transmission 1s received, and transmits HARQ feedback for
a DL data transmission received on the first carrier 1n a long
I'lT having an index n,,, .. The index n,,, . and the index
n_, . of the short TTI where the DL data transmission 1s
received have a relationship of n, , =tloor((ng,,,~1)/2)+1,
wherein n,,,,. 1s an integer.

In particular, as shown, if the user equipment receives a
DL data transmission on the first carrier from the base
station 1n short TT1 O, then 1t may transmit, on the second
carrier, HARQ feedback for the received DL data transmis-
sion 1 long TTI 0. Subsequently, 1f the user equipment
rece1ves a next DL data transmission on the first carrier from
the base station 1n short TTI 1 or TTI 2, then it may transmut,
on the second carrier, HARQ feedback for the received DL
data transmission in long TTI 1, and so on.

As for a DL data transmission on the second carrier, it the
user equipment receives the DL data transmission on the

second carrier from the base station in long TT1 0, then 1t

10

15

20

25

30

35

40

45

50

55

60

65

18

may transmit HARQ feedback for the received DL data
transmission in the same long TTI 0. Subsequently, i the
user equipment recerves a next DL data transmission on the
second carrier from the base station 1n long TTI 1, then it
may transmit HARQ feedback for the received DL data
transmission in the same long T11 1, and so on.

Please note that these examples as illustrated in FIGS.
11-16 are provided for the illustrative purpose only, but not
for any limitation to the present disclosure.

FIG. 17 1llustrates a flowchart of a method 1700 for data
transmission according to some embodiments of the present
disclosure. The method 1700 1s performed at a user equip-
ment for performing data transmission to a base station in a
wireless communications system supporting carrier aggre-
gation ol at least one component carrier (which will be
referred to as “first carrier” hereafter) on which a short TTI
1s applied and at least one component carrier (which will be
referred to as “second carrier” hereaiter) on which a long
TTI 1s applied. Each of the long TTI and the short TTI may
comprise a DL control region, an UL control region and a
data transmission region, but not necessarily in this order. As
an example, the DL control region may be used by the user
equipment to receive an UL scheduling grant. The UL
control region may be used by the user equipment to
transmit a HARQ feedback for a DL data transmission. The
data transmission region may be used by the use equipment
to transmit an UL data transmission according to the respec-
tive scheduling grant.

As 1illustrated, the method 1700 starts at block 1710, 1n

which the user equipment receives at least one UL sched-
uling grant for data transmission to the base station 1n a DL
control region of a short TTI on a first carrier, or in the DL
control region of a long T'TT on a second carrier, or in the DL
control regions of both the short TTI on the first carrier and
the long TTI on the second carrier.

At block 1720, the user equipment performs UL data
transmission towards the base station in a data transmission
region of a short TTI on the first carrier and 1n the data
transmission region of a long TTI on the second carrier as

indicated by the at least one UL scheduling grant.
In a FIRST embodiment of the method 1700, the user

equipment may receive, i the DL control region of a short
TTI on the first carrier, an UL scheduling grant for data
transmission on the first carrier and receive, in the DL
control region of a long TTI on the second carrier, an UL
scheduling grant for data transmission on the second carrier.
In this embodiment, the user equipment may perform the UL
data transmission on the first carrier in a short TTI 1imme-
diately following the short TTI where the corresponding UL
scheduling grant 1s received, and perform the UL data
transmission on the second carrier 1n a long TTI immediately
following the long TTI where the corresponding UL sched-
uling grant 1s received.

FIG. 18 shows an example illustrating a relationship
between UL scheduling and UL data transmission with the

frame structure as shown 1n FIG. 1, according to the first
embodiment of the method 1700.

In this figure and following FIGS. 19-23, the 1con

]

rep-

resents a guard period; the 1con -‘ represents a DL control

region; the icon & represents an UL control region; and the

icon kxid represents a data transmission region used for
DL or UL data transmission. A sequence of TTIs indicates
the timing for transmission between the base station and the
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user equipment. Also, the curved arrows shown 1n the figure
indicate a relationship between UL scheduling and UL data
transmission.

As 1llustrated 1n FIG. 18, 11 the user equipment receives an
UL scheduling grant for the UL data transmission on the first
carrier in short T'TT O, then 1t may perform the UL data
transmission on the first carrier in short TTI 1. Subsequently,
if the user equipment receives an UL scheduling grant for
the UL data transmission on the first carrier in short TTI 1,
then 1t may perform the UL data transmission on the first
carrier 1n short TTI 2, and so on.

Likewise, 11 the user equipment receives an UL schedul-
ing grant for the UL data transmaission on the second carrier
in long TTT 0, then 1t may perform the UL data transmission
on the second carrier 1n long TT1 1. Subsequently, 1f the user
equipment receives an UL scheduling grant for the UL data
transmission on the second carrier in long T'T1 1, then 1t may
perform the UL data transmission on the second carrier in
long TTT 2.

FIG. 19 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the

frame structure as shown in FIG. 2, according to the first
embodiment of the method 1700. The only difference
between FIG. 18 and FIG. 19 lies 1n the usage of diflerent
frame structures. In FIG. 19, the UL scheduling and the UL
data transmission present the same relationship as described
above with reference to FIG. 18, which thus will not be
detailed herein.

In a SECOND embodiment of the method 1700, the user
equipment may receive, 1n the DL control region of a short
TTI on the first carrier, an UL scheduling grant for data
transmission on the first carrier and receiving, also 1n the DL
control region of a short T1I on the first carrier, an UL
scheduling grant for data transmission on the second carrier.
Generally, the user equipment may receive the UL sched-
uling grant for the UL transmission on the first carrier in
cach short TTI, and receive the UL scheduling grant for the
UL transmission on the second carrier in every two or more
short T'TIs, depending on a ratio of the length of the short
TTI to the length of the long TTI.

According to the received UL scheduling grants, the user
equipment may perform the UL data transmission on the first
carrier 1n a short T'TI immediately following the one where
the corresponding UL scheduling grant is received. Also, the
user equlpment may perform the UL data transmission on
the second carrier in a long T11 having an index n,,,,.. The
index n,,, . and the index ng,,, , of the short TTI where the
correspondmg UL scheduling grant 1s received have a rela-
tionship of n,,, =n . /2, wheremn n 1s an even integer.

short
Alternatively, the index n,,,,, and the index n,,,,, ot the short
TTI where the corresponding UL scheduling grant is
received have a relationship of n,,, ~=1+n,,, /2, wherein
n 1S an even integer.

short

FIGS. 20A and 20B show two examples illustrating a
relationship between UL scheduling and UL data transmis-
sion with the frame structure as shown 1n FIG. 1, according
to the second embodiment of the method 1700.

As 1llustrated, if the user equipment receives an UL
scheduling grant for the UL data transmission on the first
carrier in short TTI O, then 1t performs the UL data trans-
mission on the first carrier in short T'T1 1. Subsequently, 1
the user equipment receives an UL scheduling grant for the
UL data transmission on the first carrier in short TTI 1, then
it performs the UL data transmission on the first carrier in
short TTI 2, and so on.

As for an UL data transmission on the second carrier, in
the example of FIG. 20A, 11 the user equipment receives an
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UL scheduling grant for the UL data transmission on the
second carrier 1n short TTI O, then 1t performs the UL data
transmission on the second carrier 1n long TTI 0. Subse-
quently, 11 the user equipment receives an UL scheduling
grant for the UL data transmission on the second carrier 1n
short TTI1 2, then 1t performs the UL data transmission on the
second carrier in long TTT 1.

In the example of FIG. 20B, if the user equipment
receives an UL scheduling grant for the UL data transmis-
s10n on the second carrier 1n short TTI O, then 1t performs the
UL data transmission on the second carrier in long TTT 1.
Subsequently, 1f the user equipment receives an UL sched-
uling grant for the UL data transmission on the second
carrier in short TTI 2, then 1t performs the UL data trans-
mission on the second carrier 1n long TTT 2.

FIG. 21 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown 1n FIG. 2, according to the second
embodiment of the method 1700. The only difference
between FIGS. 20A and 20B and FIG. 21 lies in the usage
of different frame structures. In FIG. 21, the UL scheduling
and the UL data transmission present the same relationship
as described above with reference to FIGS. 20A and 20B,

which thus will not be detailed herein.
In a THIRD embodiment of the method 1700, the user

equipment may receive, in the DL control region of a long
TTI on the second carrier, both an UL scheduling grant for
UL data transmission on the first carrier and an UL sched-
uling grant for UL data transmission on the second carrier.
According to the recerved scheduling grants, the user equip-
ment may perform the UL data transmission on the first
carrier 1n a short TTI having an index n The index n

short: short

and the index n,,,,, of the long TTI where the corresponding
UL scheduling grant 1s received have a relationship of

n,,,.~toor((ng,,,~1)2), wherein n,,, . 1s an integer. Also,
the user equipment may perform the UL data transmission
on the second carrier 1n a long TTI immediately following
the long TTI where the corresponding UL scheduling grant
1s recerved.

FIG. 22 shows an example illustrating a relationship

between UL scheduling and UL data transmission with the
frame structure as shown in FIG. 1, according to the third
embodiment of the method 1700.

As 1llustrated, if the user equipment receives an UL
scheduling grant for the UL data transmission on the first
carrier 1 long TTI O as well as an UL scheduling grant for
the UL data transmission on the second carrier in long TTI
0, then 1t may perform the UL data transmission on the first
carrier in short T'TI 1 and/or short TT1 2, and perform the UL
data transmission on the second carrier i long TTI 1.
Subsequently, 1 the user equipment receives another UL
scheduling grant for the UL data transmission on the first
carrier 1n long TTI 1, then 1t may perform the UL data
transmission on the first carrier in short TTI 3 and/or short
TTI 4, and perform the UL data transmission on the second
carrier 1n long TTI 2, and so on.

FIG. 23 shows another example illustrating a relationship
between UL scheduling and UL data transmission with the
frame structure as shown in FIG. 2, according to the third
embodiment of the method 1700. The only difference
between FIG. 23 and FIG. 22 lies 1n the usage of diflerent
frame structures. In FIG. 23, the UL scheduling and the UL
data transmission present the same relationship as described
above with reference to FIG. 22, which thus will not be

detailed herein.
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Please note that these example as illustrated in FIGS.
18-23 are provided for the 1llustrative purpose only, but not
for any limitation to the present disclosure.

FIG. 24 illustrates a flowchart of a method 2400 for
transmitting HARQ feedback according to some embodi-
ments of the present disclosure. The method 2400 1s per-
formed at a base station for transmitting HARQ teedback for
UL data transmission to a user equipment 11 a communica-
tions system supporting carrier aggregation of at least one
component carrier (which will be referred to as “first car-
rier’) on which a short TTI 1s applied and at least one
component carrier (which will be referred to as “second
carrier’) on which a long T'T1 1s applied. Each of the long
TTI and the short T'TI may comprise a DL control region, an
UL control region and a data transmission region, but not
necessarily 1n this order. As an example, the DL control
region may be used by the base station to transmit HARQ
teedback to the user equipment. The data transmission
region may be used by the user equipment to transmit UL
data transmission to the base station.

As 1llustrated, the method 2400 starts at block 2410, in
which the base station receives UL data transmission from
the user equipment 1n a data transmission region of a short
TTI on a first carrier and 1n the data transmission region of
a long T'T1 on a second carrier.

At block 2420, the base station transmits HARQ) feedback
for the received UL data transmission towards the user
equipment 1n a DL control region of a short TTI on the first
carrier, or in the DL control region of a long TTI on the
second carrier, or in the DL control regions of both the short
TTI on the first carrier and the long TTI on the second
carrier.

In a FIRST embodiment of the method 2400, the base
station may transmit, on the first carrier, the HARQ feedback
for the UL data transmission received on the first carrier in
a short TTI immediately following or two short T'11s later
than the short TTI where the UL data transmission 1s
received. Likewise, the base station may also transmit, on
the second carrier, the HARQ feedback for the UL data
transmission received on the second carrier 1n a long TTI
immediately following or two long TTIs later than the long
TTI where the UL data transmission 1s received.

FIG. 25 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the first embodiment of the method 2400.

As 1llustrated, the base station may transmit, on the first
carrier, the HARQ feedback for the UL data transmission
received on the first carrier in a short TTI that 1s two short
TTIs later than the short TTI where the UL data transmission
1s received and may also transmit, on the second carrier, the
HARQ feedback for the UL data transmission received on
the second carrier 1n a long TTI that 1s two long TTIs later
than the long TTI where the UL data transmission 1s
received.

In particular, as shown, 1f the base station receives an UL
data transmission on the first carrier in short TTT O, then 1t
may transmit HARQ feedback for the UL data transmission
on the first carrier in short TTI 2. Subsequently, 1f the base
station receives an UL data transmission on the first carrier
in short TTI 1, then 1t may transmuit E ARQ teedback for the
UL data transmission on the first carrier in short TTT 3. As
for an UL data transmission on the second carrier, 11 the base
station receives the UL data transmission on the second
carrier in long TT1 O, then 1t may transmit HARQ feedback
for the UL data transmission on the second carrier in long
TTI 2. Subsequently, 11 the base station recerves the UL data
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transmission on the second carrier in long TTT1 1, then 1t may
transmit HARQ feedback for the UL data transmission on
the second carrier 1n long TTT 3.

FIGS. 26 A and 26B show two other examples 1llustrating,
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the first embodiment of the method
2400.

As 1llustrated, the base station may transmit, on the first
carrier, the HARQ feedback for the UL data transmission
received on the first carrier 1n a short TTI1 that 1s immediately
following or two short TTIs later than the short TTI where

the UL data transmission 1s recerved and may also transmut,
on the second carrier, the HARQ feedback for the UL data

transmission received on the second carrier 1n a long TTI
that 1s immediately following or two long TTIs later than the
long TTI where the UL data transmission 1s recerved.

In the example as shown 1 FIG. 26A, 11 the base station

receives an UL data transmission on the first carrier in short
TTI O, then 1t may transmit HARQ feedback for the UL data

transmission on the first carrier in short TTI 2. Subsequently,
if the base station receives an UL data transmission on the
first carrier 1 short TT1 1, then 1t may transmit HARQ
teedback for the UL data transmission on the first carrier 1n
short TTI 3. As for an UL data transmission on the second
carrier, 1f the base station receives the UL data transmission
in long TTI O, then 1t may transmit HARQ teedback for the
UL data transmission on the second carrier in long TTT 2.
Subsequently, 11 the base station receives the UL data
transmission in long TTI 1, then 1t may transmit HARQ
teedback for the UL data transmission on the second carrier
in long TTT 3.

In the example as shown 1n FIG. 26B, 1f the base station
receives an UL data transmission on the first carrier in short
TTI O, then 1t may transmit HARQ feedback for the UL data
transmission on the first carrier in short TTI 1. Subsequently,
if the base station receives an UL data transmission on the
first carrier 1 short TT1 1, then 1t may transmit HARQ
teedback for the UL data transmission on the first carrier 1n
short TTI 2. As for an UL data transmission on the second
carrier, 1f the base station receives the UL data transmission
in long TTI O, then 1t may transmit HARQ teedback for the
UL data transmission on the second carrier in long TTT 1.
Subsequently, 11 the base station receives the UL data
transmission in long TTI 1, then 1t may transmit HARQ
teedback for the UL data transmission on the second carrier

in long TTT 2.

In a SECOND embodiment of the method 2400, the base
station may transmit, on the first carrier, the HARQ feedback
for the UL data transmission received on the first carrier 1n
a short T'TI immediately following or two short TTIs later
than the short TTI where the UL data transmission 1s
received.

There are two alternative options as follows for transmit-
ting the HARQ feedback on the first carrier for the UL data
transmission received on the second carrier:

The base station may transmit the HARQ feedback 1n a

short T'TI whose index n and the index n,,,,, of the

short

long TTI where the UL data transmission 1s received
have a relz:'ltionship of ng,,,~2%(n,,+1)+1, wheremn
n,,,. 18 an nteger; or
The base station may transmit the HARQ feedback 1n a
short T'TT whose index n,,,, and the index n,,, . of the
long TTI where the UL data transmission 1s received
have a relationship of ng, ,~2*(n,,,+1), whereinn,,,,,

1S an 1nteger.
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FIG. 27 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the second embodiment of the method 2400.

As 1llustrated, the base station may transmit, on the first
carrier, the HARQ feedback for the UL data transmission
received on the first carrier in a short TTI that 1s two short
TTIs later than the short TTI where the UL data transmission
1s recerved and may transmit, on the first carrier, the HARQ
teedback for the UL data transmission received on the
second carrier in a short TTI having an index n;_,,. The
index n,,,, and the index n,, . of the long T'11 where the UL
data transmission 1s received have a relationshipofn_,  =2*
(1ny,,,.+1)+1, wherein n,,, . 1s an integer.

In particular, as shown, 1f the base station receives an UL
data transmission on the first carrier 1in short TT1 0, then 1t
may transmit HARQ feedback for the UL data transmission
on the first carrier in short TTI 2. Subsequently, 1f the base
station receives an UL data transmission on the first carrier
in short TTI 1, then 1t may transmit HARQ feedback for the
UL data transmission on the first carrier in short TTI 3. As
for an UL data transmission on the second carrier, 1f the base
station receives the UL data transmission in long TT1 O, then
it may transmit HARQ feedback for the UL data transmis-
sion on the first carrier i short TTI 3. Subsequently, 11 the
base station receives the UL data transmission in long TTI
1, then 1t may transmit HARQ feedback for the UL data
transmission on the first carrier in long TTT 3.

FIGS. 28A and 28B show two other examples 1llustrating,
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the second embodiment of the method
2400.

As 1llustrated, the base station may transmit, on the first
carrier, the HARQ feedback for the UL data transmission
received on the first carrier 1n a short TT1 that 1s immediately
tollowing or two short TTIs later than the short T'TI where
the UL data transmission 1s received and may transmit, on
the first carrier, the HARQ feedback for the UL data trans-
mission received on the second carrier 1n a short TTI having,

an index n The index n and the index n,,, . of the

shorr short

long TTI where the UL data transmission 1s received have a
relationship of n,,,~2*(n,,, +1)+1, wherein n,,, . 1s an
integer, or have a relationship ot n,,,,=,«(n,,,.+1), wherein
n,,,. 1 an integer.

In the example as shown in FIG. 28A, 11 the base station
receives an UL data transmission on the first carrier in short
TTI O, then 1t may transmit HARQ feedback for the UL data
transmission on the first carrier in short TT1 2. Subsequently,
if the base station receives an UL data transmission on the
first carrier 1 short T'T1 1, then 1t may transmit HARQ
teedback for the UL data transmission on the first carrier 1n
short TTI 3. As for an UL data transmission on the second
carrier, 1f the base station receives the UL data transmission
in long TTI O, then 1t may transmut HARQ teedback for the
UL data transmission on the first carrier in short TTI 3.
Subsequently, if the base station receives the UL data
transmission in long TTI 1, then it may transmit HARQ
teedback for the UL data transmission on the first carrier 1n
short T'TT 5.

In the example as shown 1n FIG. 28B, 11 the base station
receives an UL data transmission on the first carrier in short
TTI O, then 1t may transmit HARQ feedback for the UL data
transmission on the first carrier in short TTI 1. Subsequently,
if the base station receives an UL data transmission on the
first carrier 1 short T'T1 1, then 1t may transmit HARQ
teedback for the UL data transmission on the first carrier 1n
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short TTI 2. As for an UL data transmission on the second
carrier, 1f the base station receives the UL data transmission
in long T'T1 O, then 1t may transmut HARQ teedback for the
UL data transmission on the first carrier 1n short TTI 2.

Subsequently, if the base station receives the UL data
transmission in long TTI 1, then 1t may transmit HARQ
feedback for the UL data transmission on the first carrier in
short TTT 4.

In a THIRD embodiment of the method 2400, the base

station may transmit, on the second carrier, the HARQ
teedback for the UL data transmission received on the
second carrier 1n a long TT1 immediately following or two
long TTIs later than the long TTI where the UL data
transmission 1s received.

There are two alternative options as follows for transmit-
ting the HARQ feedback on the second carrier for the UL
data transmission received on the first carrer:

The base station may transmit the HARQ feedback 1n a

long TTI whose index n,,,,, and the index n,,,, of the
short TTI where the UL data transmission 1s received
have a rela‘[lonshlp of n,,, =tloor((ng,,,+1)/2)+1,
wherein n_, . 1S an integer; or
The base station may transmit the HARQ feedback 1n a
long TTI whose index n,,,,, and the index n,,,, of the
short T'TI where the UL data transmission 1s received
have a relationship of n,,, =floor(n,,,/2)+1, wherein
n_ .. 1S an integer.

FIG. 29 shows an example illustrating a relationship
between UL data transmission and HARQ feedback trans-
mission with the frame structure as shown in FIG. 1,
according to the third embodiment of the method 2400.

As 1llustrated, the base station may transmit, on the
second carrier, the HARQ feedback for the UL data trans-
mission received on the second carrier in a long TTT that 1s
two long TTIs later than the one where the UL data trans-
mission 1s received and may transmit, on the second carrier,
the HARQ feedback for the UL data transmission recerved
on the first carrier in a long 1TI having an index n,,, .. The
index n,,,,, and the index n,,,, ot the short T'TI where the UL
data transmission 1s received have a relationship of
n,,,.~toor((ng,,,+1)2)+1, wherein n,,,, 1s an integer.

In particular, as shown, 1f the base station receives an UL
data transmission on the first carrier in short TTI 0, then it
may transmit HARQ) feedback for the UL data transmission
on the second carrier 1n long T'T1 1. Subsequently, if the base
station receives an UL data transmission on the first carrier
in short TTT 1 or short T'T1 2, then 1t may transmit HARQ
teedback for the UL data transmaission on the second carrier
in long T'T1 2. As for an UL data transmission on the second
carrier, 1f the base station receives the UL data transmission
in long T'T1 O, then 1t may transmut HARQ teedback for the
UL data transmission on the second carrier in long TT1T 2.
Subsequently, 11 the base station receives the UL data
transmission on the second carrier in long TTT 1, then 1t may
transmit HARQ feedback for the UL data transmis s1001 On
the second carrier in long TTT 3.

FIGS. 30A and 30B show two other examples 1llustrating,
a relationship between UL data transmission and HARQ
teedback transmission with the frame structure as shown 1n
FIG. 2, according to the first embodiment of the method
2400.

As 1llustrated, the base station may transmit, on the
second carrier, the HARQ feedback for the UL data trans-
mission received on the second carrier in a long TTT that 1s
immediately following or two long TTIs later than the one

where the UL data transmission 1s received and may trans-
mit, on the second carrier, the HARQ feedback for the UL

short
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data transmission received on the first carrier 1n a long TTI
having an index n,,, .. The index n,,, . and the index n,_,, of
the short TTI where the UL data transmission 1s received
have a relationship of n,,,=floor((n,,,+1)/2)+1, wherein
N, 18 an integer, or have a relationship of n,,, =tloor
(n.,./2)+1, wherein n_,_ . 1s an integer.

In the example as shown in FIG. 30A, 11 the base station
receives an UL data transmission on the first carrier in short
TTI O, then 1t may transmit HARQ feedback for the UL data
transmission on the second carrier 1n long TTI 1. Subse-
quently, if the base station receives an UL data transmission
on the first carrier 1n short T'T1 1 or short T'T1 2, then 1t may
transmit HARQ feedback for the UL data transmission on
the second carrier mn long TTII 2. As for an UL data
transmission on the second carrier, i1I the base station
receives the UL data transmission in long TTT O, then it may
transmit HARQ feedback for the UL data transmission on
the second carrier 1n long TTI 2. Subsequently, 11 the base
station receives the UL data transmission on the second
carrier in long TTT 1, then 1t may transmit HARQ feedback
for the UL data transmission on the second carrier in long
TTI 3.

In the example as shown 1n FIG. 30B, 11 the base station
receives an UL data transmission on the first carrier in short
TTI O or short TTT 1, then 1t may transmit HARQ feedback
for the UL data transmission on the second carrier in long
TTI 1. Subsequently, if the base station receives an UL data
transmission on the first carrier in short TTI 2 or short TTI
3, then 1t may transmit HARQ feedback for the UL data
transmission on the second carrier 1n long TTI 2. As for an
UL data transmission on the second carrier, 1f the base
station receives the UL data transmission in long TT1 O, then
it may transmit HARQ feedback for the UL data transmis-
s1on on the second carrier in long T'T1 1. Subsequently, 11 the
base station receives the UL data transmission in long TTI
1, then 1t may transmit HARQ feedback for the UL data
transmission on the second carrier in long TTIT 2.

Please note that these example as illustrated in FIGS.
25-30 are provided for the illustrative purpose only, but not
for any limitation to the present disclosure.

FIG. 31 illustrates a schematic block diagram of an
apparatus 3100 for performing data transmission to a user
equipment 1n a communications system supporting carrier
aggregation of at least one first carrier on which a short TTI
1s applied and at least one second carrier on which a long
TTI 1s applied, according to some embodiments of the
present disclosure. The apparatus 3100 may be embodied at
or as at least part of a base station.

In particular, the apparatus 3100 comprises a scheduler
3110 and a transmitter 3120. The scheduler 3110 1s config-
ured to transmit at least one DL scheduling grant corre-
sponding to data transmission to the user equipment 1n a DL
control region of at least one of a short TT1 on a first carrier
and a long TTI on a second carrier. The transmitter 3120 1s
configured to perform DL data transmission towards the user
equipment 1n a data transmission region of a short TT1 on the
first carrier and 1n the data transmission region of a long TT1
on the second carrier as indicated by the at least one DL
scheduling grant.

In an embodiment, the scheduler 3110 may be configured
to transmit, in the DL control region of a short TTI on the
first carrier, a DL scheduling grant corresponding to data
transmission on the first carrier and to transmit, in the DL
control region of a long TTI on the second carrier, a DL
scheduling grant corresponding to data transmission on the
second carrier. The transmitter 3120 may be configured to

perform the DL data transmission on the first carrier in the
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short TTI where the corresponding DL scheduling grant 1s
transmitted or 1n a short TTT immediately following the short
TTI where the corresponding DL scheduling grant is trans-
mitted, and to perform the DL data transmission on the
second carrier 1n the long T'T1 where the corresponding DL
scheduling grant 1s transmitted or 1n a long TTI immediately
following the long TTI where the corresponding DL sched-
uling grant 1s transmitted.

In another embodiment, the scheduler 3110 may be con-
figured to transmit, 1n the DL control region of a short TTI
on the first carrier, a DL scheduling grant corresponding to
data transmission on the second carrier and to transmit, 1n
the DL control region of a short TTT on the first carrier, a DL
scheduling grant corresponding to data transmission on the
first carrier. The transmitter 3120 may be configured to
perform the DL data transmission on the first carrier in the
short T'TI where the corresponding DL scheduling grant 1s
transmitted or 1n a short TTT immediately following the short
TTI where the corresponding DL scheduling grant 1s trans-
mitted, and to perform the DL data transmission on the
second carrier in a long T'TT whose index n,,,,, and the index
n_, . of the short TTI where the corresponding DL sched-
uling grant 1s transmitted have a relationship of n;, =n,,/
2, wherein n_,_,. 1s an even integer.

In yet another embodiment, the scheduler 3130 may be

configured to transmit, 1n the DL control region of a long
TTI on the second carrier, a DL scheduling grant corre-
sponding to data transmission on the second carrier and a DL
scheduling grant corresponding to data transmission on the
first carrier. The transmitter 3120 may be configured to
perform the DL data transmission on the second carrier in
the long TTI where the corresponding DL scheduling grant
1s transmitted or 1 a long TTI immediately following the
long TTI where the corresponding DL scheduling grant is
transmitted, and to perform the DL data transmission on the
first carrier 1n a short T'T1 whose index n, ., and the index
n,,,. of the long T'TI where the corresponding DL schedul-
ing grant 1s transmitted have a relationship ot n,,, =tloor
(n_, ./2), whereinn_ . 1s an integer, or perform the DL data
transmission on the first carrier i a short TTI whose index
ng,,, and the index n,,, . ot the long TTT where the corre-
sponding DL scheduling grant 1s transmitted have a rela-
tionship of n,,,, . =floor((n,,,,~1)2, wherein n,,,, 1s an inte-
ger.
The above scheduler 3110 and transmitter 3120 may be
configured to implement the corresponding operations or
steps as described with reference to FIGS. 3-9 and thus will
not be detailed herein for the sake of brevity.

FIG. 32 illustrates a schematic block diagram of an
apparatus 3200 for transmitting HARQ feedback to a base
station 1n a communications system supporting carrier
aggregation of at least one first carrier on which a short TTI
1s applied and at least one second carrier on which a long
TTI 1s applied, according to some embodiments of the
present disclosure. The apparatus 3200 may be embodied at
or as at least part of a user equipment.

In particular, the apparatus 3200 comprises a receiver
3210 and a transmitter 3220. The receiver 3210 1s configured
to recerve DL data transmission from the base station in a
data transmission region of a long TTI on a second carrier
and 1n the data transmission region of a short T'T1 on a {first
carrier. The transmitter 3220 i1s configured to transmit
HARQ feedback for the received DL data transmission
towards the base station 1n an UL control region of at least
one of a short T'T1 on the first carrier and a long TT1 on the

second carrietr.
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In an embodiment, the transmitter 3220 may be config-
ured to transmit, on the first carrier, the HARQ feedback for
the DL data transmission receirved on the first carrier 1 a
short TTI immediately following or two short T11s later than
the one where the DL data transmission 1s received.

In a further embodiment, the transmitter 3220 may be
configured to transmit, on the second carrier, the HARQ
teedback for the DL data transmission received on the
second carrier 1 a long TTI immediately following or two

long TTIs later than the one where the DL data transmission
1s received.

In another embodiment, the transmitter 3220 may be
configured to transmit, on the first carrier, the HARQ
feedback for the DL data transmission received on the
second carrier in either of the following: a short TTI whose

index n,,,, and the index n,, . of the long T'T1 where the DL
:2=~I'=

data transmission 1s recerved have a relationship of n

short

(1y,,,.+1)+1, wherein n,, ., 1s an integer; or a short TTT whose
index n and the index n,,,,, of the long T'TT where the DL

short

data transmission 1s received have a relationship ot n_, .=,
(1y,,,.+1), wherein n, . 1s an integer.

In yet another embodiment, the transmitter 3220 may be
configured to transmit, on the second carrier, the HARQ
teedback for the DL data transmission received on the
second carrier 1n a long TTI immediately following or two
long TTIs later than the long TTI where the DL data
transmission 1s receirved, and to transmit, on the second
carrier, the HARQ feedback for the DL data transmission
received on the first carrier 1s transmitted 1 a long TTI
whose mdex n,,, . and the index n,,,,, ot the short TTI where
the DL data transmission 1s received have a relationship of
n,,,.—toor(ng,, /2)+1, wherein n . 1s an integer.

In yet another embodiment, the transmitter 3220 may be
configured to transmit, on the first carrier, the HARQ
teedback for the DL data transmission received on the first
carrier in the short T'T1 where the DL data transmission 1s
received.

In a further embodiment, the transmitter 3220 may be
configured to transmit, on the second carrier, the HARQ
teedback for the DL data transmission received on the
second carrier 1n the long TTI where the DL data transmis-
s101m 1s received; or to transmit, on the first carrier, the HARQ
teedback for the DL data transmission received on the
second carrier 1 a short TTI whose index n_, .. and the
index n,,,,, of the long TTI where the DL data transmission
1s recerved have a relationship of n;,,,~2%n,,, +1, wherein
n,,,. 1 an integer.

In yet another embodiment, the transmitter 3220 may be
configured to transmit, on the second carrier, the HARQ
teedback for the DL data transmission received on the
second carrier i the long TTI where the DL data transmis-
sion 18 recerved, and to transmit, on the second carrier, the
HARQ tfeedback for the DL data transmission received on
the first carrier in a long T'TT whose index n,,,,, and the index
n_, . of the short TTI where the DL data transmission 1s
received have a relationship of n,,, =tloor((n,,,~1)/2)+1,
wherein n_,__, 1S an integer.

The above receiver 3210 and transmitter 3220 may be
configured to implement the corresponding operations or
steps as described with reference to FIGS. 10-16 and thus
will not be detailed herein for the sake of brevity.

FIG. 33 illustrates a schematic block diagram of an
apparatus 3300 for performing data transmission to a base
station 1n a communications system supporting carrier
aggregation of at least one first carrier on which a short TTI

1s applied and at least one second carrier on which a long
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TTI 1s applied. The apparatus 3300 may be embodied at or
as at least part of a user equipment.

In particular, the apparatus 3300 comprises a receiver
3310 and a transmitter 3320. The receiver 3310 1s configured
to recerve at least one UL scheduling grant for data trans-
mission to the base station in a DL control region of at least
one of a short TTI on a first carrier and a long TTI on a
second carrier. The transmitter 3320 1s configured to perform
UL data transmission towards the base station in a data
transmission region of a short T'T1 on the first carrier and in
the data transmission region of a long TTI on the second
carrier as 1indicated by the at least one UL scheduling grant.

In an embodiment, the receiver 3310 may be configured
to receive, 1n the DL control region of a short T'T1 on the first
carrier, an UL scheduling grant for data transmission on the
first carrier and to receive, i the DL control region of a long
TTI on the second carrier, an UL scheduling grant for data
transmission on the second carrier. The transmitter 3320
may be configured to perform the UL data transmission on
the first carrier in a short TTI immediately following the
short T'T1 where the corresponding UL scheduling grant 1s
received, and to perform the UL data transmission on the
second carrier 1n a long TTI immediately following the long
TTI where the corresponding UL scheduling grant is
received.

In another embodiment, the receiver 3310 may be con-
figured to receive, 1n the DL control region of a short TT1 on
the first carrier, an UL scheduling grant for data transmission
on the first carrier and to receive, i the DL control region
of a short TTI on the first carrier, an UL scheduling grant for
data transmission on the second carrier. The transmaitter 3320
may be configured to perform the UL data transmission on
the first carrier in a short TTI immediately following the
short T'TI where the corresponding UL scheduling grant 1s
received, and to perform the UL data transmission on the
second carrier in a long T'IT whose index n,,,,, and the index
n_, . of the short TTI where the corresponding UL sched-
uling grant 1s received have a relationship ot n,,,,=n, /2,
wherein n_, .. 1s an even integer or in a long TTI whose
index n,,,. and the index n,,,, of the short T'T1 where the
corresponding UL scheduling grant 1s received have a rela-
tionship of n,,, =1+n, /2, wherein n,  , 1s an even inte-
ger.

In yet another embodiment, the receiver 3310 may be
configured to receive, 1 the DL control region of a long TT1I
on the second carrier, an UL scheduling grant for data
transmission on the first carrier and an UL scheduling grant
for data transmission on the second carrier. The transmitter
3320 may be configured to perform the UL data transmission
on the first carrier 1n a short TT1 whose index n_, .. and the
index n,,,. of the long TTI where the corresponding UL
scheduling grant 1s received have a relationship of
n,,,.~toor((ng,,,~1)2), wherein n,, . 1s an integer, and to
perform the UL data transmission on the second carrier in a
long TTI immediately following the long TTI where the
corresponding UL scheduling grant 1s received.

The above recerver 3310 and transmitter 3320 may be
configured to implement the corresponding operations or
steps as described with reference to FIGS. 17-23 and thus
will not be detailed herein for the sake of brevity.

FIG. 34 illustrates a schematic block diagram of an
apparatus 3400 for transmitting HARQ feedback to a user
equipment 1n a communications system supporting carrier
aggregation of at least one first carrier on which a short TTI
1s applied and at least one second carrier on which a long
TTI 1s applied. The apparatus 3400 may be embodied at or

as at least part of a base station.
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In particular, the apparatus comprises a receiver 3410 and
a transmitter 3420. The receiver 3410 1s configured to
receive UL data transmission from the user equipment 1n a
data transmission region of a long TTI on a second carrier
and 1n the data transmission region of a short T'T1 on a {first
carrier. The transmitter 3420 1s configured to transmuit
HARQ feedback to the received UL data transmission
towards the user equipment 1n a DL control region of at least
one of a short T'T1 on the first carrier and a long TTI on the
second carrier.

In an embodiment, the transmitter 3420 may be config-
ured to transmit, on the first carrier, the HARQ feedback for
the UL data transmission received on the first carrier 1 a
short TTI immediately following or two short T11s later than
the short TTI where the UL data transmission 1s received.
The transmitter 3420 may be further configured to transmit,
on the second carrier, the HARQ feedback for the UL data
transmission received on the second carrier i a long TTI
immediately following or two long T'T1s later than the long
TTI where the UL data transmission 1s received.

In another embodiment, the transmitter 3420 may be
configured to transmit, on the first carrier, the HARQ
teedback for the UL data transmission received on the
second carrier 1n either of the following: a short TTI whose
index n,,,, and the index n,, . of the long T'T1 where the UL
data transmission 1s received have a relationshipofn_,  =2%
(1y,,,.+1)+1, whereinn,,, . 1s an integer; or a short T'TT whose
index ng, ., and the index n, . ot the long TTI where the UL
data transmission 1s received have a relationship of n_,_, =,
(1,,,,.+1), wherein n,,, . 1s an integer.

In yet another embodiment, the transmitter 3420 may be
configured to transmit, on the second carrier, the HARQ
teedback for the UL data transmission received on the
second carrier 1n a long TTI immediately following or two
long TTIs later than the long TTI where the UL data
transmission 1s recerved, and to transmit, on the second
carrier, the HARQ feedback for the UL data transmission
received on the first carrier 1n 1n either of the following: a
long TTI whose index n,,,,, and the index n,,,, ot the short
TTI where the UL data transmission 1s received have a
relationship ot n,, =toor((n,,,,+1)/2)+1, wherein n,,,, 1s
an 1nteger; or a long TTT whose index n,,,, and the index
n_, .. of the short TTI where the UL data transmission 1s
received have a relationship of n,,, =toor(ng,,,/2)+1,
wherein n_, .. 1s an integer.

The above receiver 3410 and transmitter 3420 may be
configured to implement the corresponding operations or
steps as described with reference to FIGS. 24-30 and thus
will not be detailed herein for the sake of brevity.

FIG. 335 illustrates a schematic block diagram of an
apparatus 3500 for performing data transmission according
to some embodiments of the present disclosure or for
transmitting HARQ {feedback according to some other
embodiments of the present disclosure. The apparatus 3500
may be embodied at or as at least part of a base station.
Alternatively, the apparatus 3500 may be embodied at or as
at least part of a user equipment.

The apparatus 3500 comprises at least one processor
3510, such as a data processor (DP) and at least one memory
(MEM) 3520 coupled to the processor 3510. The apparatus
3500 may further comprise a transmitter TX and receiver
RX 3530 coupled to the processor 3510 for establishing
wireless communications with other apparatuses. The MEM
3520 stores a program (PROG) 3540. The PROG 3540 may
include instructions that, when executed on the associated
processor 3510, enable the apparatus 3500 to operate in

accordance with some embodiments of the present disclo-
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sure, for example to perform the method 300, 1000, 1700 or
2400 as described. A combination of the at least one pro-
cessor 3510 and the at least one MEM 3520 may form
processing means 35350 adapted to implement some embodi-
ments of the present disclosure.

The MEM 3520 may be of any type suitable to the local
technical environment and may be implemented using any
suitable data storage technology, such as semiconductor
based memory devices, magnetic memory devices and sys-
tems, optical memory devices and systems, fixed memory
and removable memory, as non-limiting examples.

The processors 3510 may be of any type suitable to the
local technical environment, and may include one or more of
general purpose computers, special purpose computers,
microprocessors, digital signal processors DSPs and proces-
sors based on multicore processor architecture, as non-
limiting examples.

In addition, the present disclosure may also provide a
carrier containing the computer program as mentioned
above, wherein the carrier 1s one of an electronic signal,
optical signal, radio signal, or computer readable storage
medium. The computer readable storage medium can be, for
example, an optical compact disk or an electronic memory
device like a RAM (random access memory), a ROM (read
only memory), Flash memory, magnetic tape, CD-ROM,
DVD, Blue-ray disc and the like.

The techniques described herein may be implemented by
various means so that an apparatus implementing one or
more functions of a corresponding apparatus described with
an embodiment comprises not only prior art means, but also
means for implementing the one or more functions of the
corresponding apparatus described with the embodiment
and 1t may comprise separate means for each separate
function, or means that may be configured to perform two or
more functions. For example, these techniques may be
implemented 1n hardware (one or more apparatuses), firm-
ware (one or more apparatuses), soltware (one or more
modules), or combinations thereof. For a firmware or soft-
ware, implementation may be made through modules (e.g.,
procedures, Tunctions, and so on) that perform the functions
described herein.

Exemplary embodiments herein have been described
above with reference to block diagrams and flowchart 1llus-
trations of methods and apparatuses. It will be understood
that each block of the block diagrams and flowchart illus-
trations, and combinations of blocks 1n the block diagrams
and flowchart illustrations, respectively, can be implemented
by various means including computer program instructions.
These computer program instructions may be loaded onto a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions which execute on the
computer or other programmable data processing apparatus
create means for implementing the functions specified in the
flowchart block or blocks.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any implementation or of what may be
claimed, but rather as descriptions of features that may be
specific to particular embodiments of particular implemen-
tations. Certain features that are described 1n this specifica-
tion 1n the context of separate embodiments can also be
implemented in combination 1n a single embodiment. Con-
versely, various features that are described 1n the context of
a single embodiment can also be implemented 1n multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
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acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.
It will be obvious to a person skilled 1n the art that, as the
technology advances, the inventive concept can be 1mple-
mented 1n various ways. The above described embodiments
are given for describing rather than limiting the disclosure,
and 1t 1s to be understood that modifications and variations
may be resorted to without departing from the spirit and
scope of the disclosure as those skilled 1n the art readily
understand. Such modifications and variations are consid-
ered to be within the scope of the disclosure and the
appended claims. The protection scope of the disclosure 1s
defined by the accompanying claims.
What 1s claimed 1s:
1. A method at a base station comprising:
performing data transmission to a user equipment 1n a
communications system supporting carrier aggregation
of at least one first carrier on which a short Transmis-
ston Time Interval, TTI 1s applied and at least one
second carrier on which a long TTI 1s applied;

transmitting at least one downlink scheduling grant cor-
responding to data transmission to the user equipment
in a downlink control region of at least one of a short
TTI on a first carrier and a long TTT on a second carrier;
and

performing downlink data transmission towards the user

equipment in a data transmission region of a short TTI
on the first carrier and 1n the data transmission region
of a long TTI on the second carrier as indicated by the
at least one downlink scheduling grant;

wherein said transmitting at least one downlink schedul-

ing grant corresponding to data transmission to the user
equipment comprises transmitting, in the downlink
control region of a short TTI on the first carrier, a
downlink scheduling grant corresponding to data trans-
mission on the second carrier and transmitting, 1n the
downlink control region of a short TTI on the first
carrier, a downlink scheduling grant corresponding to
data transmission on the first carrier;

the downlink data transmission on the first carrier 1s

performed 1n the short TTI where the corresponding
downlink scheduling grant i1s transmitted or in a short
TTI immediately following the short TTI where the
corresponding downlink scheduling grant 1s transmuit-
ted; and

the downlink data transmission on the second carrier 1s

performed 1n a long 111 whose index n,,, ., and the
index n, .. of the short TTI where the corresponding
downlink scheduling grant 1s transmitted have a rela-
tionship of n,,,.=ng,,/2, wherein ng ., 1s an even
integer.

2. The method according to claim 1, wherein

said transmitting at least one downlink scheduling grant

corresponding to data transmission to the user equip-
ment comprises transmitting, in the downlink control
region of a short TTI on the first carnier, a downlink
scheduling grant corresponding to data transmission on
the first carrier and transmitting, in the downlink con-
trol region of a long TTI on the second carrier, a
downlink scheduling grant corresponding to data trans-
mission on the second carrier;

the downlink data transmission 1s performed on the first

carrier 1n the short TTI where the corresponding down-
link scheduling grant 1s transmitted or 1mn a short TTI
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immediately following the short TTI where the corre-
sponding downlink scheduling grant 1s transmitted; and
the downlink data transmission 1s performed on the sec-
ond carrier 1n the long TTI where the corresponding
downlink scheduling grant 1s transmitted or 1n a long
TTI immediately following the long TTI where the

corresponding downlink scheduling grant 1s transmuit-
ted.

3. The method according to claim 1, wherein

said transmitting at least one downlink scheduling grant
corresponding to data transmission to the user equip-
ment comprises transmitting, in the downlink control
region of a long TTI1 on the second carrier, a downlink
scheduling grant corresponding to data transmission on
the second carnier and a downlink scheduling grant
corresponding to data transmission on the first carrier;

the downlink data transmission on the second carrier 1s
performed 1n the long TTI where the corresponding
downlink scheduling grant 1s transmitted or 1n a long
TTI immediately following the long TTI where the
corresponding downlink scheduling grant 1s transmuit-
ted; and

the downlink data transmission on the first carrier is
performed in a short T'T1 whose index n_,_ .. and the
index n,,,,, of the long TTI where the corresponding
downlink scheduling grant 1s transmitted have a rela-
tionship ot n,,, =tloor(ng,,,/2), wherein ng , , 1s an
integer; or

the downlink data transmission on the first carrier is
performed in a short TT1 whose index n_,_ .. and the
index n,,,,. of the long TTI where the corresponding
downlink scheduling grant i1s transmitted have a rela-
tionship of n,,, . =tloor((n,,,,~1)/2, wherein n,,, 1s an
integer.

4. A method at a user equipment comprising:

transmitting Hybrid Automatic Repeat reQuest, HARQ
feedback to a base station in a communications system
supporting carrier aggregation of at least one first
carrier on which a short Transmission Time Interval,
TTI, 1s applied and at least one second carrier on which
a long TTI 1s applied;

recerving downlink data transmission from the base sta-
tion 1n a data transmission region of a short TTI on a
first carrier and 1n the data transmission region of a long
TTT on a second carrier; and

transmitting HARQ feedback for the recerved downlink
data transmission towards the base station 1n an uplink
control region of at least one of a short TTI on the first
carrier and a long T'T1 on the second carrier;

wherein the HARQ feedback for the downlink data trans-
mission recerved on the second carrier 1s transmitted on
the second carrier 1n a long TTI immediately following
or two long TTIs later than the long TTI where the
downlink data transmission 1s received; and

the HARQ feedback for the downlink data transmission
received on the first carrier 1s transmitted on the second
carrier in a long 111 whose index n,,,,, and the index
n. .. ol the short TTI where the downlink data trans-
mission 1s received have a relationship of n,,, =floor
(n_, ./2)+1, wherein n 1s an integer.

short

5. The method according to claim 4, wherein
the HARQ feedback for the downlink data transmission

received on the first carrier 1s transmitted on the first

carrier 1 a short TTI immediately following or two
short TTIs later than the short TTI where the downlink
data transmission 1s received.
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6. The method according to claim 5, wherein
the HARQ feedback for the downlink data transmission

received on the second carrier i1s transmitted on the

second carrier 1n a long TTI immediately following or
two long TTIs later than the long T11 where the
downlink data transmission 1s received.

7. The method according to claim 3, wherein

the HARQ feedback for the downlink data transmission
rece1ved on the second carrier 1s transmitted on the first
carrier 1n either of the following:

a short TTI whose index n,,,,, and the index n,,,,, ot the
long TTI where the downlink data transmission 1is
received have a relationship of ng,, =2%(n,,,+1)+1,
wherein n,,,,, 1s an integer; and

a short T'TI whose index n;,,,, and the index n,,,,, ot the
long T'TI where the downlink data transmission 1is
re‘ceivﬁed hawe: a r.elationship of ng,,,~2%(n,,,+1),
wherein n,,,,, 1s an integer.

8. The method according to claim 4, wherein

the HARQ feedback for the downlink data transmission
received on the first carrier 1s transmitted on the first
carrier 1 the short TTI where the downlink data
transmission 1s received.

9. The method according to claim 8, wherein

the HARQ feedback for the downlink data transmission
received on the second carrier 1s transmitted on the
second carrier in the long TTI where the downlink data
transmission 1s received; or

the HARQ feedback for the downlink data transmission
received on the second carrier 1s transmitted on the first
carrier 1n a short TTI whose index n_, .. and the index

n,,,. of the long TTI where the downlink data trans-

mission 1s received have a relationship of

Ng,,~—21,,,.+1, wherein n, . 1s an integer.

short

10. The method according to claim 4, wherein

the HARQ feedback for the downlink data transmission
received on the second carrier 1s transmitted on the
second carrier in the long TTI where the downlink data
transmission 1s received; and

the HARQ feedback for the downlink data transmission
received on the first carrier 1s transmitted on the second
carrier 1n a long T'11 whose index n,,,,, and the index
n of the short TTI where the downlink data trans-

short
mission 1s received have a relationship ot n,,, =floor
(n_, .~—1)2)+1, wherein n_,__ 1S an integer.

11. A method at a user equipment comprising;:

performing data transmission to a base station in a com-
munications system supporting carrier aggregation of
at least one first carrier on which a short Transmission
Time Interval, TTI 1s applied and at least one second
carrier on which a long TTT 1s applied;

receiving at least one uplink scheduling grant for data
transmission to the base station in a downlink control
region of at least one of a short TT1 on a first carrier and
a long T'T1 on a second carrier; and

performing uplink data transmission towards the base
station 1n a data transmission region of a short TTI on

the first carrier and 1n the data transmission region of a
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long TTI on the second carrier as indicated by the at
least one uplink scheduling grant;

said recerving at least one uplink scheduling grant for data
transmission to the base station comprises receiving, in
the downlink control region of a short T11 on the first
carrier, an uplink scheduling grant for data transmission
on the first carrier and receiving, i the downlink
control region of a short TTI on the first carrier, an
uplink scheduling grant for data transmission on the
second carrier;

the uplink data transmission on the first carrier i1s per-
formed 1n a short TTI immediately following the short
TTI where the corresponding uplink scheduling grant 1s
recerved; and

the uplink data transmission on the second carrier is
performed 1n a long TTI whose index n,,, ., and the
index n, .. of the short TTI where the corresponding
uplink scheduling grant 1s received have a relationship

of n,,.=ngy,,, /2, wherein n 1S an even integer or 1n

short

a long T'TT whose index n,,, . and the index n,,,, ot the

short TTI where the corresponding uplink scheduling,

grant 1s received have a relationship of n,,, =14n,, /2

wherein n; ., 1S an even integer.

12. The method according to claim 11, wherein

said recerving at least one uplink scheduling grant for data
transmission to the base station comprises receiving, in
the downlink control region of a short TT1 on the first
carrier, an uplink scheduling grant for data transmission
on the first carrier and receiving, 1 the downlink
control region of a long TTI on the second carrier, an
uplink scheduling grant for data transmission on the
second carrier:

the uplink data transmission 1s performed on the first
carrier 1n a short TTI immediately following the short
TTI where the corresponding uplink scheduling grant 1s
recerved; and

the uplink data transmission 1s performed on the second
carrier 1n a long TTI immediately following the long
TTI where the corresponding uplink scheduling grant 1s
received.

13. The method according to claim 11, wherein

said recerving at least one uplink scheduling grant for data
transmission to the base station comprises receiving, in
the downlink control region of a long TT1 on the second
carrier, an uplink scheduling grant for data transmission
on the first carrier and an uplink scheduling grant for
data transmission on the second carrier;

the uplink data transmission on the first carrier is per-
formed 1n a short TTI whose index n_;_,. and the index
n,,,. 01 the long TT1 where the corresponding uplink
scheduling grant 1s received have a relationship of
n,,,.—Hoor((ng,,,~1)2), wherein n,,, . 1s an integer;
and

the uplink data transmission on the second carrier is
performed 1 a long TTI immediately following the
long TTI where the corresponding uplink scheduling

grant 1s received.
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